Myxosporidiosis of the skeletal muscle was diagnosed in a pearl scale butterfly fish (Chaerodon). On the basis of light and electron microscopy, the infectious agent was though to be a Kudoa. The muscle had fusiform cysts containing myxosporidian organisms within hypertrophied fibers. Ultrastructural features of the kudoa organisms were four external shell valves joined by sutural planes. Internally, four pyriform polar capsules with polar filaments were anterior to the sporoplasm.
Myxosporidia of the genus Kudoa have been reported to cause infections in a number of species of both marine and freshwater fish. Although some species of Kudoa infect skeletal muscle [7] , others have been reported to infect the gills [6], kidneys [ l l ] , blood 111, and fins [lo] of fish. One species, Kudoa thrysites [15] , causes commercially significant losses in newly caught barracouta. This species causes a liquefactive condition of the muscle known as "milky barracouta" or "pap snoek." In affected organs the parasites commonly produce cysts containing thousands of spores. Cysts in muscle are typically fusiform and occupy central areas of the sarcoplasm of individual muscle fibers.
An incidental kudoa infection in a pearl scale butterfly fish (Chaetodon) is described. Since ultrastructural characteristics of the parasite were used for etiologic diagnosis, they will be described briefly in this report.
Case Report
Eight salt water fish, including one pearl scale butterfly fish, were kept in a 190-liter aquarium with underground filtration and synthetic-mix seawater. They suddenly developed multiple 1 .0 millimeter velvety-brown spots on their bodies. The spots gradually grew and coalesced. Three of the fish died within a 3-day period. The other fish, all covered with the same brown spots, recovered after copper sulfate and a liberal amount of quinine sulfate were empirically added to the aquarium water.
Materials and Methods
The dead butterfly fish was fixed in tofo in 10% buffered formalin and embedded in paraffin. Sections were cut at 4 to 6 micrometers and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), Giemsa, MacCallum-Goodpasture (Gram) and Warthin-Starry.
Because formalin-fixed muscle tissuc containing myxosporidia was not available, small pieces of tissue from the paraffin block were processed for transmission electron microscopy. The tissue was deparaffinizcd. washed in S-collidinc. fixed in osmic acid, treated with uranyl acetate and cmbcddcd in cpon. Thin scctions o n one-hole grids were stained with lead citrate and examined with an clcctron microscope. Ten-micrometer thick tissue sections wcrc cut from the original paraffin blocks with a conventional microtome, deparaffinizcd, subjected to critical point frcezc drying and coated with palladium-gold mixture. They wcrc then examined with a scanning electron microscope t o determine the shape and external charactcristics o f the muscle parasites.
Results
With light microscopy, several large protozoan organisms, 100 micrometers in diameter, characteristic of khthyophthiris, were seen on the surface of the integument and were assumed to be the cause of death. Visceral organs seemed microscopically normal. Within many skeletal muscle fibers were fusiform cysts, 60 to 100 micrometers in diameter, which displaced the sarcoplasm peripherally (fig. I ) . The cysts had numerous spherical parasites of an apparent protozoan nature. A space of uniform width separated the part of the cysts containing parasites from the surrounding sarcoplasm and resembled a cyst wall. Affected muscle fibers were two to five times the normal diameter. N o changes were seen in uninfected muscle fibers. A diffuse infiltrate of heterophils was in the endomysium surrounding both parasitized and normal muscle fibers.
In sections stained with HE, cytoplasmic outlines and internal structures of the parasites were indistinct ( fig. 2a ). Cytoplasmic outlines were demonstrated most easily with PAS because of the positive staining o f the cytoplasm ( fig. 2b ). With the Giemsa stain, one to four pyriform structures (polar capsules) were seen clustered together within the parasite's cytoplasm ( fig. 2c ). About 30% of the polar capsules were Gram-positive and the rest were Gram-negative ( fig. 2d ).
In scanning electron microscopy preparations, the parasitic spore outlines usually were distinct and free o f shrinkage artifact. Parasitic spores were teardrop shaped with a narrow anterior (capsular) cnd with several surface convolutions and protuberances frequently arranged in a quadrate ( fig. 3 ). The posterior (sutural) ends of the spores were smooth, round and free of suture lines, markings o r processes. Polar capsules within the spores were pyriform as light microscopy had shown. In cut specimens polar filaments were seen as discrete objects within the polar capsules.
Ultrastructural examination by transmission clcctron microscopy showed little change of the sarcoplasm of affected muscle fibers other than an increase in number of myofilaments. Within each cyst. the spores were separated by a finely granular material thought to represent ccllular debris. This material formed a band of uniform thickness adjacent to surrounding muscle fiber sarcoplasm and was thought to represent the clear space o r cyst wall seen with light microscopy ( fig. 4 ). Most organisms within the cysts were spores in various stages of maturation. Numerous trophozoite stages also were seen. These were uninucleate, round cells lacking in cytoplasmic specialization except for several parallel arrays of endoplasmic reticulum. Poor fixation and previous processing for light microscopy had caused serious membrane damage to the trophozoites and precluded a more definitive description of the trophozoite stages. Similarly, shrinkage and distortion artifacts prevented accurate determination of size and shape of the spores.
The surface of the spores consisted of a simple trilaminar unit or plasma membrane with no chitinous or other protective covering. It was separated into four quadrants or valves joined about the circumference of each spore by sutural planes (fig. 5 ) . The sutural planes had two closely-adhered or opposed plasma membranes from adjacent valves. The plasma membranes of each shell valve were not continuous and ended abruptly within the intercapsular sporoplasm. The sutural planes converged at the anterior ends of the spores and were associated with complex folding of the shell valves ( fig. 6) .
In the anterior end of each spore were four anteriorly convergent pyriform polar capsules in quadrate arrangement, each spore corresponding to its respective shell valve. Each polar capsule contained a polar filament wound several times in uneven loops ( fig. 6) . Each polar filament contained an electron-dense core covered by a multi-layered membrane in which there were extremely fine, closelywound, paired filaments ( fig. 7) . The surfaces of the polar capsules were covered by a 0.3-micrometer thick layer of electron-translucent material. Among different cysts polar capsules were quite variable in degree of staining density, although there was uniformity in staining within each spore. The sporoplasm in the posterior end of the spores was composed of much electron-dense material containing what appeared to be pyknotic nuclei. Membrane-lined vesicles also were seen occasionally within the sporoplasm .
Discussion
The histologic appearance and location of the muscle lesions were similar to the same features in sarcosporidiosis in higher mammals. Sarcocystis safvefini has been reported in trout [3], but we are not aware of its prevalence among other fish. A key to its differential diagnosis is the presence of crescentic spores arranged in tubes within the cysts.
Other protozoan parasites to be considered in a differential diagnosis should include species of the microsporidian genus Pfeistophora. These parasites affect fish [ S ] and other lower vertebrates including the common toad (Bufo bufo) [2] . In the toad, P . myotrophica causes atrophy of striated muscles, emaciation and heavy mortality in laboratory colonies. Fusiform cysts packed with microsporidian spores are within muscle fibers. Pleisiophoru can be differentiated from the parasites in this study by numerous randomly distributed spores that develop by plasmotomy or division of shizonts. The polar capsules of Kudoa correspond in appearance to the spores of Pleistophora, but they are segregated into discrete clusters of four (or less depending upon the plane of section).
A number of genera of myxosporidia may infect muscle fibers of fish, but most prominent among them is Kudoa [6] ; others include Myxobolus and Henneguya. Differentiation requires examination of the morphologic characteristics of the parasite with regard to general body shape, number of polar capsules and character of integumentary modifications, such as shell valve projections and suture lines. Myxobolus and Henneguya have only two polar capsules. Henneguya has prominent posterior projections of the shell valves. Kudoa characteristically has indistinct suture lines, delicate spore membranes, four shell valves and spores that are quadrate or stellate in anterior end view. We believe that the parasite in this case report most closely resembles Kudoa. Species identification was not attempted. The parasite closely resembles Kudoa funduli in body shape, except the suture lines are less distinct [ l o ] .
The similarities of this parasite to Nosema cuniculi, which causes infections in laboratory animals, were striking. The cysts were similar in appearance, but somewhat larger, on histologic examination with the HE stain. Like the spores of Noserna, the polar capsules did not stain well with HE, but did stain with Gram, Giemsa and Warthin-Starry. PAS-positive staining, which Noserna does not have, was attributed to the sporoplasm. The variation in intensity of the Gram stain was believed to correlate with the electron density of polar capsules. More mature sporonts of Noserna are Gram-positive and also more electron dense. Many ultrastructural features of the polar capsules of Kudoa were similar to those described for entire spores of N . cunicufi and of Pleistophora [12, 131 . These similarities included the spirally-wound polar filaments attached anteriorally to the polar sac and the thick electron-lucent covering of the polar capsules. Moreover, the general appearance of the immature stages closely resembled those of microsporidian trophozoites. The apparent equivalence of the polar capsules of Myxosporidia to the spores of Microsporidia is probably not coincidental, since both protozoal groups are members of the class Cnidosporida.
Experimental data suggest that the life cycles of Myxosporidia are direct from fish to fish, at least for Myxidium, Leptotheca and Chloromyxum, a close relative of Kudoa [8] . I t is possible that the liberation of the spores by those Myxosporidia that form internal cysts, such as Kudoa, depends upon the death of the host fish and subsequent disintegration of the muscle [4, 5, 141. Possible secretion of enzymes t o produce liquefaction of muscle as in K . ihyrsites [I51 may thus promote liberation o f spores. After ingestion, the sporoplasm is thought to penetrate the intestinal wall as a liberated amoebula and migrate to the final site (skeletal muscle, in the case of Kudoa) in a susceptible host. The amoebulae, after reaching a specific organ, grow into multinucleate trophozoites that undergo plasmotomy to form sporulating trophozoites and ultimately spores [9] .
